A quantitative morphological study of osmotically induced swelling and shrinkage in nervous tissue.
The rabbit retina was used to study, in vitro, the responses of central nervous tissue to changes in extracellular osmolarity. After isolation, retinas were incubated in either hypertonic or hypotonic medium containing 80 milliosmols more or 80 milliosmols less sodium chloride than the isotonic control medium. After fixation and embedding, comparable areas of each retina were sectioned and studied with the phase and electron microscopes. The diameters of receptor cell inner segments, synapses, nuclei, and mitochondria were measured on micrographs; mean nuclear areas and volumes were calculated. Cutouts from micrographs also provided areas and volumes of the receptor cell nucleus and its 'surround' of axons, dendrites, glial processes, and extracellular space. In general, hypertonic incubation produced decreases in the linear dimensions, areas, and volumes of the receptor cell, its nucleus, and its mitochondria that were consistent with their behaviour as osmometers. After hypotonic incubation, the increases in the diameters of inner segments, synapses, and mitochondria were in the predicted range. The increases for the nuclei themselves, and the nuclei and their 'surround' were less than expected. This may have been due to the failure of the preparative techniques to maintain the swollen state of these larger structures.